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i~:tGURE 
1.. BtU.n t s MocU.f14f.\1i{)l'J ot · l.()ew1' s 'l'$ohntqtt'e to~ 
l)emonstl!*&t1ng the ttel•4Sf) of Vttf3U$•aubstanoe • , 2 
2~ A:t:t111at1on of Ne:Mr$ fibe~ t~ ~$ole.J1•~b&r. at . 
3. D!.agrtiWi $how·1ng 13hE) 'A<'it1ons 'of Aoet~1 Oliuline 
~n the Vt.W19tt~ $1'1$~$ <>t. ttut Nf1~'VO\ts. $'$1J&l1l . 
1n~~··· ... ·~~ ,····· ••••..••• ··,.· ... .. t'! 
4. l>h$.pp$ Md !a!-~'4 Xndtteta~1um and ltattit~ri:tng na~. 
Oe>n ta1n;t.ng Be&ke~s to~ ~i,J}!;(;b,&J! m~g,~t;!~~ • • • ? 
a. :ttaeett-!oa:t. ~~l;>e. U~$" to. Stt~ltt!}.a:f;&. tl,le. $f1S:, 
L -
~he :f'1,$:t pl>-oot Q'f ·~llG oll$m1,c~ m~disat.lon of 1'Hll"lVe 
!mpUls~a b~ ;bhe peripJteraJ. l'*t:1lteaae Of apeqj,:J:~o Cherill.eaJ.. itlaS 
lltade by L.Oe'tti (l-921) ·~ He <'l.~..mollstratect tllat ctUl'tng et:tmul.atic;m; 
crt thtl vagus navve iattd11\g ··to M exo~ae(l t~o€cts hea:rt (f1f£UX"& l.) 
a ohetrt1C)~:t In$dl~tp:r that h~ <ial.led V:~gus•l!lttb$tattce. 'lrta$ X~eleaeed 
l'thi~h slo"t<retl the aotion o:t thtl l',te~t'b. ['lt!s oheinioal mactt~~,:to.i­
entarelt a perfusion f'lttid. oonstet1ng of iao'bon~o sad.iwn ch.lo:r1d:if 
vJhi~h ~t~a puntp!S)d out of the vent~1e1e ot. ·~!1e 1'1aavt aJici d;tverted 
so $$ to dr,ip onto a EI~{}Qfld t:~:~og'f.s .\le~v. lJJbe ~1I>P:lns partu .. 
a1on med.i um s(lcnqect th~ l'>'ill$t\ti'm of the aeoortd hear•t upon ~tim• 
Ulatl<'>T.t of tb.$ d<>no:~ heatJt. ~vhen the stimultt$ was :::"emoved., tlle 
d.ono~ hes.l't 1:1$tu:rnc~t to tl{}rma.:t •.. p.ultttati(ln lEll1ct 11jhor·tl~ ~:tjteJ? the 
re~1p4,ent b~$JJ't retu:t•neQ. to no~m~J.~ ~e Va.gU$-sttbstril'tee in the 
pertttaion :t'lttta, Wtt'l.s id.~nt~\.t#.ea. b~i ll'eldbe~£& $ltd lt:r·a.rer (1933) 
a$ i\Oetyl cho1!t;ne. 
Qitol~-l1ti1Aoettle.se fttt~ttts aaet~l aboline fl~om. aoetiu acir1 
ana oh¢l, .. n.$ e;t tl1e. natt1'\0m.uaeu1m.r Jm'lotion (11'1~ttt·a. 2) it.n the 
p!'esenee r>t el'lergy. 1J:'.he e~'iel'e;Y is: obtained. aa a :resu1 t ot the 
. aatipn :p()tent!.al pJ:>odttf)efl l)y th~ ne)J!Ve ~mpulse tr~ve1t!ng eJ.ong 
the ne:t"~Ve ·co the f1$ttromusottleJ:~ Junct1.()fi.• 
The M()tyl ohol1l'H~ p:t'O(H~aets to Q:roa~ the arnapa$ at the 
.~ettro:nttseul~r Juncreicn ana. $eti:vatea the ID'Ul10l.t~ cauablg its 
oontx-aet!.on~ '!')).~ pe~sist:ent p:vesano' of the acetyl choline 
--------~TO K'rMO(H\IIPH 
RC.ETIC RC.IO +CHOLINE. '"PL'N/'cnyu•t RCET'rL. CHOL.IN£ 
RCET'fL CHOLINE acexru;C!Q;';funsas-. RC.ETIC RCIO t' 
"' CHOLINE 
STAIATeO TO HUMORAL. SVSSTANCS 
N&IJROMIISCIIL.RR ::JIJNC.TION 
$. 
at ti'u~ .ntt.n.womuscular .Junotiort would ~esult tn corurliant. 
depol~1a~t1on ot tho muaele :r~·aulting in tibr111a:ta.on. The 
®~tyl choline 1s d.s$'tP~7ed by. aoett1ohq11ne~t~a.e.$ Qtiltttd .. ng 
repol8.tt1zgt!on. so tl'lat tht!t mttsole is abl$ t() :(iiespond to turth$.11 
ne:t~>Ve !nlpttl$eth · 
Acetyl. ()holllta pQas~eses t\'fl;'J aot1ons in ve~tel:JlNtte&fJ 
llU6c~in1o- AAd nlootinio.. . fh~ mueek'\r:ttl1.(;' aet.!ot~ 1$ exh.1b1tE)d 
at the tuml"omut;J<Jula.P tt:mot;;.tona of elJ10oth n1usole and sweat 
glands M.<l the tt1¢H>t1tt1o ~ot!~on 1a. ex.hibtt&d at the neuro-
muaoul~r Junot1on of ~rtu't~ted l:ttusol$ and at tne~ synapses 
t~i~Uin gm-1gll.a (tJ'~gu:re 3l" 
1nva~ti$a~tio:ttflt ~unh ~ta Sln1th (1939), Bu:t1oclt and N4\o:n. 
manl$loll!t (l.942lt Pross¢~ (l96(l) have ch~ntona$J?t.;.te.d the preaen.ce 
ot ae0tyl· ·t.::h\\ll1ne s.nd. ao$t'"lollol:tn~~~r~er$at!.l :1.11 .1nV$rtH~bJ?ates ~ tf. ,. .. i t 
$UOll ~a ePa;yti~, l.f.ibS,'ttel'\~h 1neieotf:f, sq'td.d, ~l.tm1a, :teeohes, 
Md tl&a ~~monfJa. loth stl"~.a.ted anc1 ar.!lt.:u.')tl1 rousol.~ types 
,b.l$l.V$ 'b€1a¥! fOttild it"l stteh il'lV():t?tel1;t;~t$S ~p C»~fleltt se~ 
OA$111\ln~s, M(l leaqlte$ b:r CartfJ~ (iSell) , nruneq (1952) Hoyle 
(1957). l?ro$eer {1950) intftloatea tha:tt the ner'V~ ru;;t of 
c~elen:t~:rat$~ contaill$ f11U$.pae~J eimile,r to those tound tn 
V$rtebra.tas and tntiiG&t~s that tlla nel?'~a f!bti&s ot eoelen:t~ 
ere:te.s ~.re ObaJ?e.~;rte:r1st1~tt1lY non.polari~ed a!ld $Ytlait>tic 
J1l1l9t1tm$ ~Xfe tQ\mi! Joining ·the 11erve tlb:t'es ot tp;a nerve 
tus~t. noyl$ (lf15li9 ~d 11~$3.37 (1~52) 1nd1ea~t$ that a 
i'l!l$11')1o~ mad~a.to~ 3~s probttb:l.y :r-esponsible to~ the J.tnltin~ of 
.. 4 
thtl n~;.~ve 1m;pu.'tse. to ·the tnuaole ttorosa tlle synaptic ne11110~ 
musollla~ Junction. 
Since !1ttl1oolt il.tld ~;.,,sJlmansohn (l.942) have d.~nto~totl'ated 
th.e preae11.(H) of noe11Ylobol1tie in tl~e sea tJUlomcnos, ar.1d e.sattm1ng 
that aoot~tl choline ;ts ·the humorsl $ttbsto.i'loe responsible for 
int tiat~ng nt'!lsoti.la:r t'eaponse to, nel"Ve t"iber :'Llnpttl;u~~ v,s 1n 
'Verte'Pr:atet1 .(Goodman Md t111man, 1:9fi6h it ""g-as decided to 
determin~ tr!hethe:r.~ the humort;;,l eubstMoe possessed t;). n1oot1rt1o 
o~ ausoar1n1o a<:rt:tcm in e..utl ve/fr!flg the oon:t~m.et11e nitt.aeula.tttre 
or· e¢a o.nemones. $1noe the ne:ttve ne-y of the coelente:r•ates 
oohsists ot t!rt, a1ne;1& newve fibers, j:.t ;J..s difficult to studY' 
the hu.ttlO~al llleohaniarn. at s;y<.no,pa~G of muscle and na:r:·va fib~rs 
dil'eotJ.y. Ih:'ttJ$a \'rhich prevent musottl~ response to nel:'tr& 
ttber im,r)Ul$ae were ttsed tt$ ~n 1nd1~aQt meetn$ ot determj.ning 
th() oh~~e.eter1st1os ot the h.UP.lO:tN:~ ... \ .substance. . The1~e tlre two 
ttpp:t"'a~hes to tbe pro'b1e~it ~ the mu~eru?lnio ol? tl1e n~ootin!o 
ant1()n •. 
1. Ou:r~~e-:U.kt!!= c1:J:•ttgf.'h such as a ... Tubtt$urare. n qt:tatet•na.t'r 
8Jllft!Ofi1Uill. b~se ( (kH:>$Jnti'Jl and G1lm~. '.;.95~) 1nh1b! t th$ n1ootin1e 
a;ctlon at aoetyteh.olill.~ tn ·-v~JrtebXlti.tt)s~ Otbl'~& eal:Jlpetit1velt 
eompetef! 1-11th acetyl choline ~or the ett~Jcrt<>r spot$ ~t the 
motor and end.plate (.:tPigttN~ 2), thereb:V pr$Vent!t1g a.epola:r~~;zo,ticm 
ot· the· end.plate ot sttt-~ted. ~nsole. <lh~ral:".~,.:J.!ke. drugs clo n.ot 
:f.nterta~e vt!th tht'! l"'eleat.s,a ot aoetylch.ol.1ne at the net.ll"O .. 
rttuaeular Jttn.et.ton. 
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2. N!eotit~e ~r nioo1tUte-!U.lte ~Uf?;$ such tt$ Qarbaoh<ll 
(~odmt1Jl $\d QllnlM» l95«Jl stJ.rnula'b·& Skeleta:t. musoll.e !.n lol(t 
doses by eQL1pet~ns w;tth Aoetar1 cbo11f:le :tor the &tte<~rbp:t• spots 
on th& moto:r: <,m.dpl.at&e of sk$lef;al ntuscle h~noe ca.u~1l1EJ 
depolaXtt~a;tton, ot th$ enttplat~•· ; $~nee 4:l.oottne is not 
deat~oye<i b~ auetylchC!Jl~nttstettl\$e• oons,tant iiepo1~12ltl.tion 
prevents ~epo1al.'!lt..fitj.on, wb;ltih ~~sul..ts in tib~111tat1on of the 
$traa:ta~ muscl~. 
$. ·l'>~ttS'S such as ln$e~1ne, '~:ratb.3,()n; D~lsoprop:Vlf:tuoro"" 
i>llCta.p.bat$ (Vf~) .~Ju'kot~V&tce ao~t3''l.oholine~ttt~l!a.ae h~nca pP~ , 
ventin~ the d;e$t~uqtion ot tb.e b;oet:vl chol:t.n$. .A;e a result, 
the ~:teet~l. oho1:tne m~oh ~11ds ttp oqnstt:mtl;t· depolat-i~es both 
st~iated. ~~d smooth m.usctf.$, p~e:w·ent1ng. :tult'tht,lt• response to 
fteW ll~l?V~ :f'1'he1'1' ~JttpUlS~tih 
:1:• Artt~m.uso~1n~0 dwgs :sttol4 lil.ra· a:t:~.~op1ne (G<>odma.n and 
G1lr1lan,J 195.$) ootnp$tl 'Ui;Val.Y 1n!Ubi t th$ mtt(l1e~r·in1e tfteota ot 
a<>$tyl Qltoline on smQ$th muscle• !fh~se a:vugs are co,m.mon,.,zr 
reter~ed. ~o ae e.ntieholin~~gic ctrug~,. 
M!lTUOD$ AND ~PAJtATUS 
s~a tQ'U~n1one$ . wel'*~ 4ho Et.~n a~ '!She EJ~&l*$mtl)ntal o.n1ma1a 
i)eo$UttJe th$¥ al'i~ .. ae..$il;v o'b:~.alnablE~Jt! The ne~vs fibers ot th.e 
se~ anemone$ ~a rurt my$l~.rtat$d. ();J? fE~Ottped. 1H.1Beth~:r to fo~ 
#(!t:rntes ~4 $.$ a :veau1:t th~,e $s no d'.·:f:f'e%'$lltial absorpt~o.n 
ot the ~t~$ 'br oert~tfi nerve t1be1rs~ Th$ s~a Memon~s :u.:ve 




()QnstM1l c.b>ug e<>no~ntrat.ton a.n the animals by adjttst.tng the 
~onaentl.'ation Qt <t~g ttbc;ut th~ aea anentont$t 
~if!!U »t~stiJt!ttl' was ohotfen 1n prett:renq~ to 9t.be!' 
SpSQl..$$ o:t $$~ MetnOJ:H~S be()i:\tlStl $,PeQ~$11S less than 0~ £> 
ce.ntint&ters ~n di$llle~e~ oan 'be <'>hta1nect whto~ mean$ tb.at: seve,al. 
o6Ul_d ba plat.lec;l if). a t!ttr m1ll#.l't~e be$ke;tt. $1ne.e Jl~£!l1J$; 
Ja.:tt .. &tiit•· 1s ~t.ln$~Al.ly tcyutld $ttaoh$d. to pr()-tecta~d. :t:<o~k~ 
ent1:tlelu sttbme:tt~e.d a.t all t1mes d.Ut'ing tlle tidal ();Y'ol~~~ 1t 
1a move, cte:u.cate tor j.t is p~oteete.d .t:rom ,wavE~ ~et3.on, sudden 
oltMge ot ~empe;r$t\1Z.es ~And d:es1e.oe.t~on t() V~h:toh such speo1ee 
as $11~,cii~tr:l!~ ,~Jilli#U fU?e subJ eot. 4UPSl$,~M~4, 
~~~1$1 usually X'emairua e;nposed to tbe ai~ at low tid.e, 
so 1 t 1a~nd.e to rernaln QOniJ:ra.cted to:v 1onez pel .. 1Gdf3 of time and 
lS le$1$ ve~;ponsiV'e to dltt'~l"$l'Ut tOX"nlS of attmt\lt. Qh the 
O'Ghe:r hand,. ~ia_(\~.~~; :a1oW~~- eont~4cts s.tteP· VfYJ!''( little 
$ttmulat1on, and. full;r expal\ds sl:lo:t"tlr a.tte, et1tnu1at1on ceasea. 
iaect:»j.o~ 1mpu1ses t~om a ~h1pps and ai:rd ~nd\tcto~:twn 
(11'1gU;r$ 4.) we:ra used to et1mu.late the nerve net ot .$1a~l\~i~A 
lil.X:01L~~,.~-· ~· 1ntell.$1ty of thE~ eleotr1od tmpulse$ 1a o~1t10Q1t 
because $.11 e1.eet:rical 4.mpt.t11lte ot l$ss tnte>;tsitf is l'equ1~ed to 
$timul~te e. ne~ve t1'be11 than mttsttle tibe~e. Pantin (1935) 
state$ that ont}a tbtrJ tJui&ahold voltage has 'Peen ~~a.ohe<t Jo 
sti~Ul.at$ na~ve t~be:Jtts o:f' th$ $$$ anemone ,g~J;.~'0.1e~a .&•; 
increasing thE! in tens! ty ot the voltag$ h~s the same effeot on 
'••• ·~--~~- --·--- --~----· • --~ r ----··• ·----·~-----__.__..___..______~----------·· ·-~~ 





F!Gtlft..E 3. .l),.a~(,Wl Show.tng _ th~ Aotions of .A:tl~tyl_·_ Ch¢l1ne 
on th$ V~tous SltfJe .o:t the Nel?VOU$ $Ystem 1n x.n~ 
·---------- -------------~-~---~-------~~-------, 
!i'J:(JtnJt.l!: tar. Pltil!P'S and lU .. l?d Xnduntor1um and netaininrg' Rack 
Containing :$e&ters for lf;LtA~t1ft ;upo+&f..~ri~ 
8 
the x-~.sponse of the nerv~ tiber to the eleot~i.eal impttls~ 
as tlte tllreshold vol ta~e, $ttbtb.refJho).r1 voltages ave 
~nadequ~te in tr1e;gering a ~espOtl$6 ot tbEt ne:vctre fibers. 
Voltages above the th:tte$hold value to tit1mulatH1J net'Ve fibers 
a:pproaCJh tht:t threshold vol t~ge ttEiq~1~e~ to stimulatEJ the 
musole <U.l?ootlY• Jay keeping thO' voltage w:ttl\tn tht threshold. 
t<>l' st:trn:ula:t1ng ne:rtte t1be:r's the CQnsequEtnt ~lectJ?ioal $t:tmu-
la't1on ot the nex-ve fibe~s will oat.U:Je a :vel0ast ot hUJntll:'-'al 
elitbstMGt at the neurom~s~Ultit:r junction whilJh.!n turn causes 
a response of the J'4ttsc.l$ to the n~r:ve lmptil.a$ • 
. A stimUJ.atug p~ob~ {l!"~igtt;re 5) waa oonstruct$d with 
tt\l"O pla.tinum elect~odes <>.5 cn:a.. aptU't so that V".then the eleotl'o.-
de• W'$»t) plaoec;t. into th~ beatt~:rs ot ef)~ vsdie:t:> ttitb the sea 
a.netn!.'U1e.$, tbe eleet$'Od.et1 wer~ pl.a<.t~d at oppQs$. te s.14~s ot 
ee.oh Jnli~lf4 .~tsa. so. th$t eleotli1~a1 1mpul$$$ t:ravelled 
th~ugh each enti~e ~im.al. 
~h& t:&.reu~hold voltag$ ~pl1<fd.. to the ~le~t:rodes. ntn)&Elf!Jl:\\1'1 
't)o stimUlate. the rti:t'Ve flb$:rs was 4S volt$; aEJ indicated when 
' ) 
the el.eet~~oal. 1ntpulse$ were• mea~ttUl'ed by M oso1llo$loope 
( 11r£U:t"fit e) • 
J?alt'lt:tW (1919') $aYs lb:a.t the elee·~roc.es should not be 
allowed to. touch the e~a anemone$ because me()hanioal stim"le.~ 
t1on would Chi,,use a <:u>ntx-aet1ng rE)sponse "*1ch eoul.ct not be 
d$stingtt1e:hsd tl"om tUt. elGCt~1o~-1 stimulus. The pos:ltive 
component ot 19 vol.ts t'lhlch results when the p~lm:a:ry o~),oult 
•o- __ __...., .. ..:..=~·~, -----~---.:_ __ :.____. __ ! ___ ~ - --~---~--------------~-----~··-
i':r!GtJnlii 5. lfi),$Ot~i()al }l:rot"JEt U'sed to $tj,Jn.tt\$.te th$ 
Sea .. Al'UllllOl'U:Uh 




~ZGti~Ja 6~ Oscillogram ot a Single F.afi!c~:v!eal Xmpul.se 
tr-otn tb.e tndu<a·fior.it.tm.• 
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ot the tndu(}to~itnt 1s olO$ed.\l;r a key :ts tna1gn1tioarrt 1n 
st~mu1a:C1ng the !)erv& t:tb~~.,. Th~ :t.ndttoelit. tt~gat1ve o.ompbnent 
ol: 4:$ volts upon· the b~$$k!.nrt O# the p~!,max-1 Gi~ouilt 1$ ~es.­
p01la1ble tor· s.rl$1mnlat.tntt; the nerve tlb$~s at ~Qlie;t.!a wA~fil:!.• 
· '!'he ~eqt,t$\QY ot the a1$Ct~1~fill :tmpttl.eee ~a ndt o~it1~tttl. 
Qll()S tllG tl:wesh()ld Vbltag~ !$ :r~~e,bed, the l'ltl:t'>V$ t!bers reepOtld 
one$ :t!o:<V ~$Oh ~1ao111"1o~ impu.lst'h As a 19asult* each nerve 
impulse p~ov1d:$s enougb ~nergr (11gt.tN~ 2) ~o that th' htunol~al 
$U'bstanqa te l'*$loe~$~$. at aaQ. neUl:iOltlU$0Ul!tl' junction. Gll$ 
U0:'f:i\Ve in~pulse :t.s tnsutttelftrtt to C$-:U$G oonseq.uent r&sponse ot 
en aasoe:ia:tl~d mtu.ll)l~ tibet"" Sever~ ne~V$ impulses causa the 
relt:u!l.se ot enough blllfio:~&a.l· substan¢a to depoltrtri~e tll.e. ment'b~anes 
qf ea¢h muec1e tiber, hence oa.ut:t.t1lm oontraotiori ot the ntu:ao:t.e 
f1l'>~:v. ;t?ant1ti (1935) hm.l!l ttndioa1i$d th$t a b•qu.eno:v t>f one 
--
tl.$(ltr1o$1 tmpul$a pe~ s.aeond. 1$ sutf1e1ent to ottusa a. s.timu~o. 
!Lation (lf tl,le raervs t1be:lt*s whieh 1n tur:n 1nt1uenoe m:usoul.a~ 
(ion t~a.otto}*. _ j; •. ~1"'$_:<!~~n~y ¢:!t Ol).~ nel'Ve .1mp'U1ae p ~l? ~~t)Ond -~$_ ... -
1ess: th.Atxt the time :reqn~l"ed tor the dest~ttot1on Gf' reooveJ:W. 
~t the. ettee>b ot eaoh S:p$~!:t!o ~&lease P't h\Ultol'~ sUb$tanoEh 
five ne~ve 1tapUl$a& ~t on$ $econd 3.nte~vals no~mally releat;)e 
Uott~ hlllliOJ36\l -su'bt=.rtu.;mo~ at t:hEt n$uttQ1nU$OU:l.a» Jtmotton to 
ee.uae st1tnulat~Qn ot tl'ie rnusnl.e o~ musel.es tnvol:trt'Mt. 
i:t'*e11ttttt)a~r 1nveert1ltations usil'iJb iihe tJUttloho11nel•g1tJ 
drur~ t>1.btilin~ stdfa1HJ S$tltned t;'(> 1ndtoa'~ tha.t th~ htunora1 
tll\tbE~tanc$ :retJpon$1ble tor e.et1vt.tt1on ot mu~~:t.es at tb.e 
1---
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r.u~tr.)?<"tllU.soul!ltr junot.iQn 'ttaa l'!l.tta<stt~1nie in. action. several. 
d.rttgs kl'i.otm to be ant!mueee.;t'1:n1c;, (Mt:lohol!nE}:r~to) :tn. action 
1n. vert~brates w~,.-e chosen to VEl:JJlt!V yb!s tibs~vat1on. 
A111\'op1n~ sttJ.ta.t~. hyosofa.mil,ne stlltate, s()opolamtne h;V'd.l1o-
brom$da, l'DJrt!n•, :P1pt$l, Daet~l til.rtd :01bu11ne su1ta:be lt$r$ 
used.. Dtbu11fu) su1ts.~e w~s ~:t1m1nated. :t.n thf1 final. $xper• 
1m~tats due to t.t9Qhtli();al d,_tf1oul.t1es i,n. prepsw1na; $..OO'Ul~ate 
aQnf)ant:ra.tiQna t>t the drug. in se~ wate:r. 
A'ti~opin.• tilUlta1ie 1nblbits the effect$ ot acetyl obol!ne 
ot the pa:ras~.mpathet~<> rt.ervoua $:Ystem 'b:V oompetit1Ve lnb1b1· 
t1on ot the. mue(l{a~lnto t:t~tion ~;>t $Cet;vl ob.ol1ne on effeoto~ o~ga.ns 
' ~·i 
ot antooth muE~o:t.e. At)Jop!h.e ltas no a<>tton on the n1o~rt1nio 
etf'eots ot ao,tYlcholine ¢tl atr1ated. musele (Goodman and 
I· . . - . '' 
~1ltaan1 t95G). ntoSI)fa:tn~ne $ttltata a.e the levo .. ~aomer ot the 
ttt.t:r.op.S.n.e.. . ~he aqt1otl$ oft h.voa¢it&m1ne s.Ul:t"~lte J.n compet:t t1:vely 
!nh1biting ~he mtt$Cal?inio ofteets ot acety-l tlhol~ne on tsmooth 
muscle ewe ttd.oe a$ s·cpong as a:lnN;>p1ne (Sollm~n, _1953), --~-
------------------- -------- ----------- ----------- -----
$oopola.m1nEJ l1Ytt~bl:'t>m1dJ il'lhibtts the musoa~1n1o effect$ o:t 
a()e'b;rl (d19ltna on stnooth nlut;J<'ila in a. mannEt:t' a1mt1ar to atX*op1ru~ 
( ~<>lltnrtM1 l.96Zh ;~111e ( a.oPpolamtne methy1p:ttom1d.e) i$ 
sina~l~ ·~1t actton to soopolamine brt'tlfrobvomi(iJh seopol:;Jnine 
mertU,lb:rc>mltle bas a m.'tJ:lNl ~up tattached to a nitro~en tn 
t;he n;.olf>QUle henoe t*'rm:tn.g $ c;ttt.@lt.i~rnal'3" ~0niwn oompotmd.• 
$copol.amj.llf> b;Vd:robromt.de lacks t.h1$ q~s.teJ:tn~:v $llW!On3;Un1 
·-.-- . --' --- ' . f ' ' • 
nuoleua ((k)Qdman a.nd GilJnmJ., 1956). P~ptal (N;..eth:vl•&-
12 
p1p~.tt:-td.yl.-befizilata...m.~thobroln1d~) oontalns a.. qU.~te:tm.al?y 
a.m.ntontum nuo:t.eua and oo1npJ.etel~ inhib.#.t$ th& mttSQ&t'in1o 
action of acetyl ehQl~ne' on the etttlu.)to:tt organs ot the moto:r 
~dplates of smooth muscle and allff¢ oompetlttvel:r ~rth1bi1t$ 
the niootin~o etteots ot aQE'ft!V'l ollo:u.n.e on the atfeo~o~ prgAAs 
ot the moto~ ent!tpl~tts ot $tX'iated mU.aQ1ee (Lake$id.e, 195:5). 
1J~et1l. f~ethfl~a~;pipe:t?1d#l..,ctt1ph$nylae$ta1t~hrd.~oohlo:r1tie) 
<!1tt$~S trom ~iptal in that it do$s not ()Ontain a q_uat;te:cn~y 
e.mmon$wn ntto1etts~ Daottl!a not on111 an ant1ohol1nergio d;r,ug 1n 
Qolnpett ~!v&ly .. :1tthtb1tlng th~ nt~;tsea~in!e etreots nt ®etyl 
(fllnlin$; but l.$ fllso a powe~tu:t .non-..spaol.t1<> :relax.?Ult of stnootn 
.mt;tsol~ (Lake, side, l9li>4) .~ ~n oompswison to the ettect ot 
~trop~ne on tbe gttln$a. p1g, X)acft:::tl hti!s :u.ttle tt? :no ~f:tect 
Qn ao$tYl cll;o1il'Ul at the netWomueoul~ Junction ot smooth ox-
st:v1a:tied muaole. 
Speo1mtm~ ot 12l~ •l.3rt~:A were colleoted seve~el 
¢te.;yra prior to $:i!p$r1ntent$;'t1on.. ?:'h& s~a. anemones we:re kept at 
U<>ntitt~t t~mp~);'atu~e (50. 5° .~ 61. 5° F~ J 1n a. Oonstant tempe~ 
ature b~th ot sea wat~~ ~n an a.qu~ium. One ho.ur 'b$for-oe each 
egper1ment two at~&.~ ~P~lAtiti ttrtde~ 0.5 <l$fitinteter$ ln 
(lte.metf>r Wet'it pla.o~d 1n ea,ch ot ninfJ 5o m1ll1l.1 tre beake~s 
oont"a1n1ng •::ta.otl.l' t~. oubto oentlnta'tH~t:-s Qf fjJ~sb, s.ee. t'later. 
Th~ beaker$ wt~e then p~$.Gf1}et.1n a ~eta1nirtg rttolt (F1&11X*e 4) 
Md the raQ.k wt th th.~ 'beakel?s Md sea an.emonEH~ 't'tel'e returned 




t~st~~ ·tn the to:tlow!.na; QQncent~littiattst 2 .:t 1o~a, 2 .:c. :t.o~l\. 
" . '. . 
2 x l.t)•4, 2 l{l·tr:S ~~ · Tl\E~se ootu.tet1t~ati¢ns l't$~e mad$ bw 
aC.ct1ng ten tn1111:titves G~ ti:t7'tt! $.olut!on. tn sea wate:t' to tho 
tan m111~1.1trf!a~ ot sea w~te:v in W'htch the eta anemo.nea 1>rere 
equ1ltb~ated to~ an hat.tr. 
W.b.e · sea . ~:lem.onet;J ·1ttG:t!"e stimulated w!~h t1 va. euonttss1 VfS* 
ele()tlt'i<lml impuls~il at .QJH!l sEHlttmtt· 1n1au:-v~s b3" means ot the· · 
lh1ppa ~d i1:tJd tnduoto~ium (11{~e 4) •. JJ:hey Wt>,...e. et!.~ulateet 
at ~nt~rv4ls of .fifteen nd.n~tbes to:r the first ll.oUl?., e'V'er"f half• 
.hQ~ fo:t~ thea ne~t t\'f() hcu:ta, a:rtd. ev$~1 ·hour' to~ the fourth to 
seventh hou~s" and (.'U'lOa again nine hours attt>r t.b.e drug ,.,~$ 
aa.crad!t 
'he e:xpe~1me.nts t1ere oo11dtt~t$d u.nde~ a.a: ttn1torm ooncli t1on$ 
aa poaaibl.<?, · r:m.ch. a$ tl'le same t3.nte ot dl:\.'1 an,d the s$Jlle l1gh1U.n~ 
eot.ulitlone ac;> ~s to ~11,ln.tut:~.tt ~.its· tllMS" va~ie.'~>le$ as poas1'bltit~ 
The t.~tnp~!l?tt.t~e w~s h~ld at ao. 5~ ··~ 51. r;o ,~ t11l:'oughou't; the 
ent~l'$ ~~pel?~ment • 
li;l!IStllr~S 4ND O:B8FJlftVA~ZQNS 
Tile a~pEt.~1m~nta.1 ~esttl t.li!' o:e ·bll.~ et-tficts ot $nt1ol'lol.in~ 
. ·. . ' . ' ' . " 
ep~!o drugs 1;\trt>pili.e. stdta.te, bf()sef&nline eul:f~tt, s~o:pol~ne 
hard~o'lJ~m1t1e• . 'am!ne, J>,tlltal ani :Oaet11 a:ll$ re().Q~ded. in 
~ablfs 1 tQ $. !(ihe tollowing types ot :t?eaet:\.,ons t~tt)tte 9bat:t"''V'$d. 
and. a;re ~d3¢ol'd..$d tn 'hh.tit t.able$ in the follcttd.ng manne:r. . A 
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S RESPONSES TO ORIIG- liND I'LECTRIC.I'IL. .STIMUI-I'ITIQN fiFTER. DP.IIG- RODE 0 
~ ~ ~ I I II- 2. 'f I 1/2. 4 .2..:-i 3 lf- $ 7 9 
TUE EFFiiiCT$ OF DRCTIL. N EP If 8 
CONTROL.S ec EC e:e £C ec ec ec EC EC E.c Ec.. E.c 
EC. &C. £C ec £C. EC ec. ec ec £c ec. EC 
.2)(10 -I> ec. ec. ec Ec E.C EC. E.C E. C.. Ec EC ec. EC 
ec Ee ec ec. Ec. E.C Ec. E. C. Ec. ec. £C. E.C 
EC E. C. £C ec ec. ec £C. EC EC. Ec. e.G EC 
ec ec £C. sc £C. EC. EC. ec EC sc ec. EC 
-S EC ec. EU 2 )( /0 ec. EC. E. C. EC. Ec. ec.. EH £C. Ec. 
ec EC. E.H EC. ec. ec. EC. E. c. ec EH E. C. ec 
E.C, ec. E.H e:c. Ec. E. C. ec. EC. EH EH EC. EC 
ec Ec.. e:c. EH c.C ec EC. EC. E. C.. EN cc. c. c. _,. 
.2 X to Ec. E. c. Ec. Ec. Ec. Ec. Ec.. E. c. E.· E.- E.- £.-
E• Ec. Ec. E. c. E- £c. Ec. Ec. E. c. c- E- E-
e .. e~ Ec. E. c. Ec. £- ec:r. E- £- e- e- e-
I Ec. fer. r.c. Ee Ec. £- Ec. Ec. ---~- E- E.- E-l -3 Ec. E- E- E.-, .2XIO E- E- £- £- E- E.- E- I! -
E. c. E- E.- £- E.- E.- E-
-
£- e.- e- E· E-1 
! E .. E- E- E- E.-f E- e:- E- £- f- E- £-
Ec. Ec. e- E- E- e- £- E- a- E- E- e-
TR8LE .2. 
THE EFFECTS OF FITAOPINE. SVLFATE ON EPIACT/S 
~ RESPONSES TO OR.UIT ANO ELEC TRICAI.. S T/ f>1VLATI ON AFTER. DRUG- A POE 0 - s y'f Y:.t o/"'" I I '/,__ ;z_ 2 f/2. 3 4- 5 7 9 R 
CONTROLS ec ec ec EC ec EC EC ec ec. E. C. Ec £C. 
EC. ee ec e:c. EC ec E. C. EC ec EC EC EC 
.2.XIo-"' ec EC ec ec ec ec. ec ec £C. EC. E.C ec. 
ec c.C ec fC fC E.C ec ec EC. ec. EC. ec 
EC. ee EC. ec. ec ec. ec. EC e:c. EC ec ec 
EC. Ee EC. ec:. EC ec ec. ec. ec. ec:. £C. S.C. 
2.X 10 -5 EC ee ec EC:. ec ec Ec:. ec. EC. ec. EC. ec: 
ec. ec. ec. ec ec. E. C. ec ec ec. ec EC. ee 
ee se ec. ec ec ec. £C. ec. EC. ec. EC ec 
EC. ec. EC EC EC. £C. ec. ec. EC ec ec ec 
:LX 10 
MY-
ec. cc ,c c:r.C c.C ee ec E. C. E. c. ec ec. e.c 
EC. I!C c.C &C. c:r.C cc r_c cc c.C ('_(; c. C. &C 
ec EC ec E.C EC:. E.e ec. ec. E.C:. ec. EC. c. C. 
ec EC. ee ec. ec ec c.C c.C c.C c.C c.C c.C 
2.XIO -3 c.C cc. c. c. c.c cc c. c. c. c. c. c. c. c. c. c. cc cc. 
c.C cC. c.C c.c cc !C cc cc cc. c. c. c. c. c. c. 
ec c.C c. C. c. C. c.C cc cc c. c. c. c. c. c. c. .C. c. c. 
c.C c.C c.C c. C.. c. C. cc. cc. c. c. CG c. c. c. c. c c. 
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TABI...E 3 
~ RESPONSES TO DRUG- RNO ELECTRICIIL STIMU .II'TION RPTJ;R PflU~ RODEO . s Y~ . '12.. 31'!- I I%. 2.. 2!/2. 3 4- s 7 ~ 9 
THE. EFFECTS OF H'fOSC'fiiMINE SULFIITE ON EPIIIC'TIS 
CONTR.Of....S EC EC EC ec £C ec EC. ec EC ec. EC sc. 
EC EC EC EC EC EC EC. EC EC EC. EC ac 
:J. X It>-" EC EC EC Ec. EC Et. EC. t.C EC EC ec EC 
ec EC EC. Ec. 
_'!-.c. EC EC ec. ec. E. C. EC ec 
ec ec Ec. Ec. c.C c. c. ec. Ec. EC EC EC EC 
ec. ec e, EC. t.C t.C. e.c ec ec EC ec. ec 
.2 X 10 -s EC ec ec::. ec ec. EC EC ec EC. EC. sc. ec 
EC ec ee EC EC (!C ec ,;c. ec ec E. C. e_c 
EC EC ec ec:. EC. ec EC.. EC.. EC £C. /!C ee 
EC EC. ~--~-c EC e_c_ __ ec EC ec EC. ·ec. ec 
.2. X 10 -'+ ec ec. EC. EC:.. EC EC. EC.. c. C. EC. ec. EC. EC. 
ec. e~ Ec. ec. e e__~ c __ _e. c EC EC e. c. ec ec 
ec ec EC. Ec EC ec Ec. EC E~ E. c. ec. ec 
EC. EC E~C. EC. --· Ec ec:. EC ec. E.C ec ec 
.2 X 10 -3 cc c.c Cc. Cc. c.c cc cc cc cc cc. cc. cc. 
c.C cc Cc. Cc. cc cc cc. cc cc cc cc. c:.c 
c.C cc c. c. c. c. c. c. cc cc. c.c c.c c. c. c. c. cc 
EC c. c. t.C. c. c. cc. cc c.c c. c. e.. C. c. C. c.C c.C 
TR8LE 'I-
THE. EFFECTS OF SC.OPOL~MINE. H'rOROBROMIOE ON E:PIRCT'IS 
TIME IN 
C> U R.S RESPONSE.$ TO DRUG- ANO EL-ECTRICRL- STIMUL.IITIDN RFTER ORV 
CONC. Ytt Y:z ~,. I '2.. 2 2. .Yz. 3 'f- s 7 9 MOL$ ITR 
ec EC ec EC EC. ec ec E. C. ec ec. ec 
ec. e:c ec EC. ec:. EC. ec. EC:.. e EC:.. ec:. 
:2. XU>-'- ec. ec. EC. ec. EC:.. ec. ec. EC EC. £C.. ec 
EC ec EC. c. ec EC EC c. EC. 
ec EC ec EC. ec ec. e:c ec EC. ec 
c. EC ec EC ~c. ec e:c EC. ec.. sc 
.:Z)(/0-S ec. EC. e. c.. I! C. EC. Ec £C.. E.C e:c ec.. ec 
ec c ec. ec Ec. ec ec ec. EC ec e:c. ec 
ec. fC E. C. ec EC ec EC ec. EC EC ec. EC.. 
fC. EC e EC. Ec.. £C. ec e:c ec EC. EC. E. C.. 
..2. )( (0 -'f e:c. ec. ee EC. ee EC. EC EC. E. C. ec ec s.e 
ec ee c ee sc. c. iC. EC.. e:c EC c.C ec 
EC.. EC. EC. EC. E& EC. ec ec. •c e.e EC.. EC. -------
ec.. e.e EC e.e c e.G ec. l!c ec 
.:Z l( I 0 -'3 ec. &e ee ec e. c. £C. ee c.C cc. cc cc 




THE. E.FFE.C TS OF PAM IN~ ON E.PIAC TIS 
~ RESPONSES TO DR.VG AND ELEc..TR.ICI'II- STIMVL.IITIDN liFTER ORIJt; IIODEO . .s Y'f- 'h 314- I I Y2, 2.. 2.. }2 3 '1- s 7 
"' 
"' 
C ONTR.Ol.S EC ec ec. EC. ec Ec. EC. ec. E. C. E.C E.C ee 
EC E. C. ee ee ec ec__u:. e:c ~c. e. c. ec. ec. 
2 X It> -4. EU EH E.H £H £H £H E.H E.H EH E.H EH £H 
E.H SH SH EH EH E.H EH E.H E.H EH EH EH 
EH EH £H E.H E.H EH EH EH E.H EH EN EH 
EH E.H Ell EH EH EH I!H EH .Ell EH EN EH 
2 X 1c -s EH EH Eli EH £H EH E.H E.H eu E.H EH E.H 
EH EH E.H Ell EH EH EH EH E.H EH E.H SH 
EH EH E.H EH E.H EH E.H EH eH E.H E.H EH 
EH E.H fH EH £1j Ell EH E.H E.H EH E.H g_IJ. 
.<.xJo-'f EC EH EC cc eH c.C c.C EC £C. ec cc EC 
EC E.H E. C. EC. E.H E. C. Ec. e:e E.C E. C. e.c E.. C. 
EC. EH EC EC ec. ec ~c. c:C EC ec. ec.. EC 
EC ec ec ec. EC. ec EC e.c E. C. EC E. C. ec 
.Z.Xto -3 c.C c.C Ec. Ec. c. c. c. c. c. c. Ec.. c. c. E. c.. c. c. E. c.. 
c.C c. C. £C. Ec. c. c. ec. E. C. E£ £c. EE Ec. c., c... 
c.C c.C c.C C. c. c.C c.C cc C. c.. E. c. c. c. cc. c. c.. 
c.C E.C EC ec.- cc E.C ec c. C. Ec.. c.c:. e-. E. c.. 
TRBLE. 6 
THE. EFFECTS OF PIP7RL ON EPIACTIS 
~ RESPONSES 70 DRUG fiND ELEC.TRICfiL. STIMULATioN AFTER DRUG Flt>DED ijj . e s v'f- 1J2. 3j.,_ I I Y:;_ 2. 2 Y.:z.. 3 '+ 5 7 9 
· CONTROL-S EC E.C E.C E. C. fC EC E.C E. C. EC. EC E. C. EC 
EC EC. E. C. 
--
EC /;C. E.C E.C 
-
EC EC EC. EC.. EC. 
~)(I 0 -lo ec EC EC EC ec. fC. EC. EC EC. EC c. C. cC. 
EC ee EC. EC EC. EC EC. EC. EC ec c. C. c.C 
EC ec. EC. EC E.C £C. EC. EC £C ec ec. £C 
ec ec ec. EC. EC. EC. Ec. ec EC. EC. E. C. ec 
• :l. X 10 -S EC. !C. EH EH eH EH E.H Ec EC EC. EC EC 
£C. ec. E.H EH EH EH El:!. EC ec. ec ec c. c. 
ec EC EH EH EH EH EH ee EC. EC. c. C. c. C. 
£C EC E.H EH EH EH E.H Ec. ec EC. EC c. C. 
2 X 10 _.,_ e:c Ee c.~ c:.C Cc.. c. c. c. c. c. c. c. c. c- c.- c-
ec ec c. c. c.C ec. fc. £c.. Ec. Ec.. £ - £- £-
EC EC c.C c. C. C. c. Cc. Cc. C. c. Cc.. c.- c.- c.-
' 
ec ee fc, c.C c. c. c. c. E. c.. ec.- e. c. c.- c.- c-
I 2 )( /0 -3 EC C.C- c. - c:.- c..- c- c.- c.- c.- c- c- c.-
i ec cc. c.- c.- c..- c.-c- c.- c.- c- c- c-
ec c.c c.- c. - c.- c- c..- c.- c.- c.- c-c-
EC. cc.. c. - c. - c. - c.- c.- c- c.- c .. c- {.-
17 
obse:rvea wlten the sf.):a &l1emones. ave \tnd.ls:tu~bed.~ . ~he oolttlltt1 
1s elongatt1 M4 the t~ntMles a.:t'ie tUlly axtrert(1~d~ Tb1s 
Ct>l'ld1td.on is vepreae11ted. by the +etta:r '':Wtt-. · $Eu.t an$mone~ 
that ~a on11 partla.llr expe.rtdilld, . but not tullY oont»$-Oted. 
~e ~St)l*eeente:d bt th~ l.attt:r tt~tt•., Sea anemones tlmt com. 
plete;t.~ ~ontraet upon el$'oti~1oal atimu).at!o~ (e aleotJ?ioal 
ltn.pttl!;les& 1 pet' $$t:.lonl) ao that tht tentaol~s ~e oont:t'aetad 
to lOQk 1Ut$ stub~ on a nQn $long~t~ oolUI'lm ~e rep:rasentact 
l>r th• lett~ non., 1he l$ilteta «<t" al$o rep»f3sant.s the p$l"t"al 
ot).r,ttl"tilOt!on ot the se~ an$mone·s ttpQn a3 .. e<:t~1oal e'ti1mulation. 
~he lettel" tt}lfl :rep:res~nts a hyp$lis$ns.1 t;!ktre tie~etion ot the 
see. al'l~ltona$ to e:teot:t-1oal stimulation~ :tn this ease the sea 
an~nlotu:uJJ oont:ract qtt1oltl:V 8-:llte~ one e1e<rt~ .. loa;1 !mpulae as 
compare.et to th& G(.nruraottott no1• 1dl.l&n five tlect~1et4 .tn1pulsae 
a:re giv(m t.t> the s~a Meitone.s~ A dash. *'~" represent$ no 
eont,..~o-t!<Hi of the saa a.nl!1mont UpG;n eleot)J:1Qa\ stimul~t1.on 
aft~r the dr:U£!; Juts been added.~ tl!h:ts lack or. response to 
eteot:r'-dQ;;'t stj.mulat1on ¢an be a:ttl"tbuted to the effects ot 
the drug in, b~ook$.ttg ve$ponsa ot tb.e· ntusetas vo t~e nerve 
tntpulses caus~d b1 eleet:r1aa1 st1n1ul.attort. 
ltta.oh Ql)&$~V~\t1on ot eadh $$$ anemone is r:epresen.ted b~ 
t1-to le·trt(l}:r;a$-" fh• t1~$t lf.ltte:v »ep~ts.anta the eond.i tion of 
the liR+MW )i~f~.Vi ~teX' add~Ug the <.t~Uffi ana tlh~ seaond 
lett~ ot the two repre.sGtt.t.s the r~sponse or the sea anemone 
to eleotrj.o$1 s1#1mtt1at1on. ~tunplt\(!U 1Jl0 ~ept*6tH:.!nts a JlOt'*111ttl. 
1$ 
tul:tr expttitldt)d sea anentQile att$r d:bllei ad.d.ed tmt wltteb thtn 
tul.lf c~~tx-~cft$ (0) u:poll ~leot:rl()al· attmulat1()rt. Jtc t'~p:tt~ 
f:¥tll1ie normal f\Ul e:xtpane1ort ot the ·sea antilmone atte~ et~ug e.drted 
.. 
l'thlob pewtl$J.lt con'bl'a.Qi;i$4 ·up.on el$Ct:t?1Q(£f.1 stl.mulo.t~on. ·. • 
rep:r¢tse.n'ht no~m$1 exp@a~,QU bef,o,r~ eleot:r1Qal t3timtt1ation, but 
oontroaot~on tnlnled1at~:tr· e.t.te~ iih& t~r$t $l6~t:vioai 1mp~l$e ot 
the t~bEh xu. x~eJresents full e~ans!on at.ta~ <'l~ttg. ad.d$d and 
no lNiitaptlnae '\!Then. · eleotl'>1oa1 .stimul~tion .1~ tilif>pllad~ aa ,. .. eptJe""" 
~en'tls: f~l eont:~:>a~ti{)fl tt:tte~ lil'lUg at\ded f!Jlt1 tu.:rtthEtr nont.:raO;"" 
t1c>n uprt>rt. &l.eotrtoal &t1mul.a.t1.on* ~his ~es:pons& tndi~a'f;ttlis th~t 
the ~ue eatta$d h~~t-a~o.1t.$;bil1tY ot the tlssue~ ot the $ea. 
aneut¢ne httfnoe o~U$$.;n~ t.t to o<mt~a~t on its own. px-ior t() 
eleot;riceJ.. at!mtt).SJ,tton... ~q iQepv&sents ~ oonf!lt1on of th$ $~$. 
ttnemon~~ \mere tlte d1~ug. has GAUse.d. pe,;~tl~ ~UPett$$na1t1v1ty 
ot the muaou1atu¥te to 11ll1Jt tt:r~t~s but 1lhe mttsele$ oortt:rh'.et 
llQtma)..ly upon elet>tn:~1~al. $"tlmula.t1on" 
l'~:SCIU.SSJON · 
it tht humo:t"!l.l auba:tttl\Qe meCIA$.:t1n€ mtt$OU1~ ~e~:ponse to 
Jle~vt'l 1nrputses .waa bloolteQ:. 1.1N' t:.mt.tol\olilta:ttgic ct.r\,lgs, the 
exp$et~d. EtXJ?(i}Xl1ment~l l'*eaul.t~J would httve been :m-. IQ~~g,j;!a 
~0.~~~ would have ~~mah:t>H~d fullt ~~ancliett att;e:r ~dd].tion 
¢#t the dxoug, Md w-ould hf!tV$ not oont~a4ttd upon G1~ot;r1c$1 
at.1tnUlat1on. ~$ on11 ant1¢holine~g1o d;rtt~ wb1eh gave thi$ 
r~sponse wa$ P~ottl (?Ja;b:te 1) at oontumtt'ations of 2 lt. 10<!ol4 
And 2 ,r; 1o~a lit. ~his in(tlo.$.tes that th'$ hurno:rat. sub$t$Jtoe 
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dQuld b$ mttf!I<Jar!i1d.·~ in at;ttlotb · ·De.clt~l· ~PPtlJ~~$: t~ nave 
{loro.p~t1t1·ve,_y 1nl',l.t~#.tea. .. th& etteota ot th$ h\lDlo:l;ltit:t. tlUbstanee 
at t.be neUi'<>l!lU.$~1ll~~ Jtmotion ofi the mu$o1es. 
A,. reVt$w ot · the l1te:Ntm$ sholfa (La.'ke$14ei 1954) . that .. 
Da.otl:t l\a t)nl~f o~$ hun~ed~ll ~s aet!tre ~El' e.n an:b1m.uee~1n1o.:, 
dlJ'ug as ~tttopa.ne. Daot:t!!. 1$· two ·hun<traa t.1m~$ mo~a · ~otive -
:th~.n ~tt'Qpa.ne as a non~spe<d.~i¢ musoUlaa.'* Pa~~lt~t, to~ Daot1l 
ls Q~}:>abltl ~t abol1f;h1ng tl1$. apG~osmoltt!tt actions ·ot be,r1um.· 
9hlo~id.e .on mueol~uih tht~ $$ems l?Qasonable beca.usa tb.e 
higb.er d9a$ ot a ~ 10'""'3 If• eauaea.· tbe t.\ea.tlt of the s$a 
@tr.~tol)~~. )Tone of the otl1e~ d.:t'US'S ~:!d11'b1 tea.· this etteot. 
l)aotil does not Qlari:f'lY. whe'tbf'JV or ttQt the hWllo~a!L $Ub$1,ie.t)0& 
1E~ ntusoa.l11ntc 1n $.Ot1on. · ltoW~ilfttr• :o~ot!l o~U~f>$ h,-pe:re~~tt~ 
ab~llt' O::r p~t~til stimU~tlon <>t ·the muael.rJa.. Th:t$ indit>&>tes 
't1hat ~$¢tll ma~n~vt ~ w~~ rtie(l)tinlo $ftect or awe~.k intlttefJ~e 
.~11 bluok1n€r thE~ ~fteet1vt\ln~sEJ (<)t tine PhOlineH:lt~a$& .~G$pons1ble 
fo~ tes~~or~nm th$ httlJlova1 substemo~ 1m:tch mdi;;J,te$ neuro-
mu.aeular tranam!~$3-ol·h the l'li'eak n1eot1n1o aetion ~.roulQ. o.a.ttee 
eons'b@t p~t1a1 d~po~trl'"1tat1on Qf 'th(j} rri~sel~s at the nauro• 
II,lU$~Ul.~ Ju.not!lons, hence 6~1vJ.n~ ·an tt~t:t" or .11eOif · trp~ ot t'e"" 
l'>O~$$ in. a. concel\tz.at1o~ ot $ x :t:o•S )1, :i.'he :pos~.ib1l1ty ot' 
bl.oek~ng cho:U.Hestev~ute, whiell ine.o1d. \fa 'lies tht:! hwno,al aU..'bstattQe., 
-woUld o~ttae • ao~tuntllatton of· the hutaoral agen1 th~X't!1b;Y 
oatt$1ll.g pt:l.rtl.al oo11at8llt del)ol~,.~e.:b1o~ $}t; tha n.~ux-omu.s~.ttlal' 
Jtmct1on @<i ~$$Ult1na; in the :ptlUJt1$l li3"verex(t1t~b111t7 e.a 
¢Jbt1\ened ln illt~ '~e;&ifnetrli~t 81n¢e at~op1n~ ~ulta"te•, 'by~"' 
sotamln$ ~ultat~, tQopt)lMtne hf~<)b;rom1d$ (1'a.'b1ee 21 3:, 
Mld 4 Xit3$pcc)t~Ve:t.wl aho~re<t np. ~·ttmt!$~a~ln1e .$()t,1vity :tn 
b1oold;rJ.g tlle httmo);lid sttb~rtH;~n<!~; 1t is tmlJ.k~l:V thttt the 
hwnor~ s~'Qstt~tn<la 1t:J mu.so~1n1o $n SJ.etivity, 
Atropine 'sultat$ ($ab1~ 2) ts uual)1e fio tlo9lt respon~es 
ot tlte 1nttso1e :tib~x-s to ne~v~ tmp\l'lae$• Ho11t:>V$l11 .~trop!t~e 
oau~es l'i)');H~r:e~a1ta.'b!,l1t:r ot th$ t~ .. $$ti.~FJ: ot .,U.€ ;Q.tn~t~a 
l'¥1\~n ¢onuent~a.t1ons ot g ~ :t.o•4 a.tt<l e g :to~a l(• o.:r d$Ug a:ttf!t 
a.dde.d. ~is 1net;l(>at~• th~t tlta •t:t.+op!Lna poes.ib:Ly e~e~ts an 
et:te.~t ot~ tilt'? oh~:t.~ne.$.t~;cta$e t;th:Loh de$'~~r.'Jlfs th0 l~umo:rd aub~ 
st~oe ~1Hi!t- tl~~ h'Ulllg~~ sub~.trb~ea l't~.s ex~rt(1f1 i '&$ tnt:lut$fJa 
on t!'t~ st)ne!t.t1ve region$ ¢;£' tho ~ttU$Qle a.t the. tu~uromusettla~ 
Junetl,o:tt. ~his vor:t1tt ~o¢otm11 to:r th~ ltYPe~~xtt~tab1lit~ of' 
th~ se~. all(!)InfZJnes to $trop;tne. eli~ttH~ th~ ~t1tih.1il:tne:re:1o 
4.:t1UfB atl1op~ne b.ad no et;at\t ltt p~event:tng tll\tJ;lGUle.r lr'o.sponl\ie 
to ~~v"e tiber A.nlJ>'Ul~·j~t~$·, t:t:La J::t~tmoval substance !s n()t, 
r:auacal?!niq in ~<Jtit~t>n~ · 
'JltoaorarAitt$ sulfate (!t~t'bl.i!t $). exntl>it~(l no ~litioh.¢1'-11.~ 
e:r~lQ !.Ctton on •saPr~ ~~f~li 1i~lt1e h:Vo$o;tam1n~ d.'-ct. not 
~nt()~rupt tbe $tjt!).on t>f th$, htL1<>1.11~ subst@qe ~t tile neul."ol,i!lf 
ln.U$1)U1~ lunetton~ )tow~va~, lt10:$0yanttn.e did C$~Se :hype~. 
~to:\:taoil.i/tY 'bo ~he t1¢a'Ut\i$• t.rbls l'Jas p<>$S1'b1;v eau.seg. by tb.t 
·1fi$Ottvati~g etf~t.ltl of the <.:l~ug on the eho.linae.te~$sej whieh 
4~$'tl>OJ$ · th$ b'W!to:tY~ attbst.tU'U'.HJ at the ll.$~t'.'QmU~()u1.a;ll Ju,n~rbion 
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1mrned~a:t;ely t'Qllowillg e~ei tat ion · at. the 0ff~otor regions ot 
th$ nl.U$ol~a 'to nerve tiber i,mpu1ses. 
$oopolam1ne b.;td:t'ob~om~ae Wa$ ~netfeotive ·1n bloold,.ng the 
neu~ornuso.ttla~ t~an.$m1 eslon ot n~»Ye :t'tbe:rt imp,tl,a(ts to the 
rnuequ:tat~e · ot .,O,!,u UI?U.~I.!i· soopo1!!tt11J1et. eaused. hyper.-
exGi ta.'b111 ~~ ot the mus~1es in oonoent~a,t:tons of' 2 x ··lG""4 md 
2 x 1~5 1. · ~"h:t.s wa~J pt:H~frs!l.bl.e due to ·an an:tiolwlinee~te~a.se 
etteet. Th(1 4.rti~ appea11s to ·1nf1uenoa· the attfi<>'ff$ ot ohol.#.n• 
~at&t'8.$~ which ·d~st~or the .biumot-'al. aul>etance atterr.i'b he.$ mad• 
1ated $. :wespons& ac~bs$ 'tha ne\i:contti$.oUla:r• junot~on. tn ·this 
oase the ~<.H.lunt\llation ot hllm.o~·al $Ubstanoe 1orotild ttastll t in 
p9l"t.1al oonst~t d.epo:ta;r,.$~-bion ot. 1;ha mtb'lo1e at the tu1urQ~ 
inttsetti~ junction· thertl'bU giving the p.str~1allN" oont:t'~oted 
or ¢tven t~ll1 oontli*<=J.oted response ~fte, the ttrtlg was adctaa 
but prior to·· elaot~tca:L st1mula.'U:ton. 
)l>wni~H~ :Ln low Gono~ntl'at1Qrt (2 ~ 10~5 M. a:nd. 2 :t lO""'e M.) 
o~ttqaed. $!. st~te: o:e liJPe;rel¢o:Ltabil1tr 1!1 tha.t ecmtX"su)tion wa.$ . 
oaU$E'!d by e. ~.d .. ,ngl~ eleotvl.ea.l :ll!l}:tul.sf) ~nstead ot t1v~ shocks. 
, ' ' . " 
At lll&bt'l~ ooricent~ation£~.1 2 :x:. 1o•G u. and 2 x ltr4 J%,, )?amine 
:t.Jeduoed th~ ~esponst:l ·to el&Pt:t'!Q:al $t$.m'Ula:tion 'but o.1d net 
t\b()liah $..t. tr:~e ~ffeots ot tb.a bighe:w cono!'n1n . .-~rt1ons m:tght 
be e~la.1n$d on t~e bal!f!s that t~e eompounct<t be!ttg a qua'tr$¥lliU7 
lllltL'lOtttum eom.poun<t, e~er'ta"$ a eul'W$ti1!0l1ke S~.Otivi ty ~ Howeve1.,., 
this would t1.ov explltl.in tbe ttroaie ot b,yperexo1tab1l1 ty- at lo-rn:)r 
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eonoentva:t1ons. 4 poss~hl~ e~p1Ma:u1on J.g that the drug 
inhil.b!tttJ · ohoJ.1nesta:Pe.a"* atl.Ot<t$l;tg t:\·. Mgher than no~l:ll&l con"" 
centrat~on ot a<Hrt~l oliolln~ to be tn~n't$\,.hed at ·the ne.rv-a 
Em.din&*l• , Tbis -vroulo. cause htpar~~e~tahill t~ E.L'l:i lott d.:rug 
conoenit.v~tlon~ 811<\. ~ause oo.J:u~t;~1r pa;t•t,.al d.e1~0l.8l'11i~·t.:t.on at 
h;.gh oonoen1l:rat.1on1 ·thavt~Jbr rotlt10:1ng ·bh.e ~?tH'Jp<>nae to 11erve 
st1tnu1ation. 
,. ·.· ... "., 
lrlptal abolished the ~eaponse to elsct~ical $t1.mul$:Kt1:0!l 
tn one half llotlr ~t 2 ~ lO~t'> )l~ ana. J..n tour hol4~s at 2 x 10"*4 14. 
tf.iakGll alone this could be inte~p~(l!)tad. to lnd:\.Olil.te th.at 1t 
o~q~ts an a..n·t1rausuar-1n1o ae·tiQ!h btrt ~,tl thfi light of the 
.· !f'c.:tlul"e. of. a .. tro,pine to a,bol~S.h the l;~espol:l~$ ·bo ~1et>tx-1oal st1m-
ula.ti<Uh 1-t, .mfiiY have $.0tad by a. d.ttfe:t-ertt nleoban1snt.. M ex~ 
1nation of it~ eh$llt1.o~l struetuzc'e show$ that Sdz' is a qull1H~Xin~~ 
ammonium 'ba$~,?,, ana the~etove <>ottld. be e:~tpected to have a 
qu:vare•l.ike aotton Md aots b;r eJ>o::tisMng the, .n,.oot1n1c aot1on 
(f)t the I]I.<H~tN'l t:thol1n~ p:!:tesumea to be ~el$a$$d at the ne~V$ 
endings.. !J:()tteV&r<t the hi.e;her ()Ollaent3;lat1on$ of 2 :it 10.-.:, 
~tet 2 ~ J.0""'4 l:'~nO.er-fM:l tb$ tia$'1;H~ l~ere{tc1:tabla Md this Tfrould 
not be &,4L-p0ote4 from a <.n.trtu'~11ke tirUf&• 
OONOLUSlQliS 
:tt 11l.$Y be oonC'lud.ad. 'th~t the humo~e .. \ st:tbs'tn~.noe respon~ 
a1b1~ :ror $.1l~t3..t-.t.tinr; the ~esponse et the net'C1?6t4US<:rul$.1' Junction 
tit m.us9la cell. a 1n •1A9li&i ~.1~ is not nruae~1n.1o in 
aot:ton.. Tlte :re$ults of tbe exper$il'lent$ inatoat~ that a n1oot1n'-o 
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aQtion ¢t the huntoX'a1 at(bst~c>e ()a,nnot be ruled ottt11 . :It still 
~ema:tna poss,.ble th$.11 th~ bttmt;~d att'bsta.n.ce 1nv0lve<1 1~ 
•ett#.at$~6 mue()ular :response to tHil~e flbt),... $mpu).saf4 at the 
neU»onn.ta(}nl.~ Jut1-ot~<>u !s a~atr1 choline.-. ~he h3'Pex-e~ol ta.• 
fJ3.:U.t1 Qf the lnttsole e~lls inauc~d. by Pemin&. ~~ ~'b:ropip.e 
inct1ca.tes a wt:~ nioQt1l'l!a ~ct1on. ol' tnaot1t~t1()n ot the 
~l1o11n.$ste~aS$• t.rhe use ot tli$ el'tt1oh~l1n$rgle d;rUfS¢* tn 
tbts ser!.e$ of expel11merrts indloa'be$ thE* oactt~~$n<Je ot side 
:ratitctions wh~I'Jh in ~~11 ~o_l~ ~e not ueual1y found.· 
i~t verti~~X"S/bes,. ~tl1.~ 1.nv$et1~$.tions should bf! oar~ied 
ou.t using cuva:re--..11htG drugs $-long llrlth .hi.stologioe.l stuates 
to o:t~lty the ntEtQ:han!em ot tr&lsn.ti$sion of ne:t:tve tibev· 1~ 
pttl$t)ti.f to muaal~s in 4tea. MemotUil$•. 
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